The electrodynamic response of the organic spin-liquid candidate κ-(BEDT-TTF)2Cu2(CN)3 has been measured in an extremely wide energy range (10 −13 to 2 eV) as a function of temperature (5 to 300 K). Below the Mott gap, excitations from the un-gapped spinon continuum cause a considerable contribution to the infrared conductivity, as suggested by the U(1) gauge theory. At THz frequencies we can identify a power-law behavior σ(ω) ∝ ω β with two distinct exponents β that change from 0.9 to 1.3 at low temperatures. The corresponding crossover scales with temperature: ωc ≈ kBT . The observed exponents differ by more than a factor of 2 from the theoretically predicted ones. The findings are compared with those obtained on Herbertsmithites. [5, 6] , and later in the kagome lattice of ZnCu 3 (OH) 6 Cl 2 [7] [8] [9] . Still the smoking gun experiment is lacking, and also the theoretical description of real systems is unsatisfactory; by now the nature of spin liquid state is rather unclear.
Quantum spin-liquids are an intriguing state of matter [1, 2] : although the spins interact rather strongly, quantum fluctuations prevent long-range magnetic order down to lowest temperatures even in two and three dimensions. It took decades before the theoretical concept [3, 4] was realized, first in the organic compounds κ-(BE-DT-TTF) 2 Cu 2 (CN) 3 and EtMe 3 Sb[Pd(dmit) 2 ] 2 , which crystallize in a triangular pattern [5, 6] , and later in the kagome lattice of ZnCu 3 (OH) 6 Cl 2 [7] [8] [9] . Still the smoking gun experiment is lacking, and also the theoretical description of real systems is unsatisfactory; by now the nature of spin liquid state is rather unclear.
The Herbertsmithite ZnCu 3 (OH) 6 Cl 2 is a layered antiferromagnetic insulator with no magnetic order above 50 mK [9, 10] . Inelastic neutron scatting experiments did not find indications of a spin gap down to 0.1 meV, inferring that the spin excitations form a continuum [8, 11] . This important issue, however, is far from being settled neither from the experimental nor from the theoretical side [12, 13] . Among other suggestions [14] [15] [16] [17] [18] , it was proposed that a gapless U(1) spin-liquid state forms with a spinon Fermi surface and with a Dirac fermions excitation spectrum of the kagome lattice [19, 20] .
The situation is rather similar to the organic systems where the molecular dimers with spin 1 2 form a highly frustrated triangular lattice [21, 22] . At ambient pressure no indication of Néel order is observed at temperatures as low as 20 mK, despite the considerable antiferromagnetic exchange of J ≈ 220 − 250 K [5, 6] . The origin of the spin-liquid phase is unresolved since pure geometrical frustration should not be sufficient to stabilize the quantum spin-liquid state [23] [24] [25] . In contrast to the completely insulating Herbertsmithites, where the on-site Coulomb repulsion U is large compared to the hopping integral t, the charge transfer salt κ-(BEDT-TTF) 2 Cu 2 (CN) 3 is close to crossover from a Mott insulator to a metal (U ≈ t); in fact it becomes superconducting at T c = 3.6 K under hydrostatic pressure of only 4 kbar [5, 26] . From heat capacity measurements gapless spin excitations have been concluded [27] in contrast to thermal transport data [28] . Based on a U(1) gauge theory of the Hubbard model, Lee and collaborators [29] suggested that the spin excitations in κ-(BEDT-TTF) 2 -Cu 2 (CN) 3 exhibit a Fermi surface and show up in the thermal conductivity. Due to the coupling with the internal gauge field, the spinons at the Fermi surface may contribute to the optical conductivity [13, 30, 31] and the magneto-optical Faraday effect [32] . Investigations of the electrodynamic behavior may help to establish the spin-liquid ground state and elucidate the low-energy elementary excitations.
All spin-liquid candidates are Mott insulators and the charge excitations are gapped by the more or less large U . In general, optical experiments are not sensitive to spinon excitations; however, spin-charge interactions may contribute to the low-energy optical conductivity through the emergent gauge field in the U(1) spin-liquid state [31, 33] . This would cause a power-law behavior: σ 1 (ω) ∝ ω β with β = 2 at low frequencies and a crossover to β = 3.3 above ω c ≈ k B T . Very recently, THz investigations provided first experimental results on the kagome crystal ZnCu 3 (OH) 6 Cl 2 [34] : at T = 4 K they obtained a power-law behavior of the optical conductivity with an exponent β = 1 − 2 up to 1.4 THz when it crosses over into a phonon tail.
For the triangular organic compounds investigations with a similar scope have not been performed up to now. Ng and Lee [31] analyzed the infrared spectra of κ-(BE-DT-TTF) 2 Cu 2 (CN) 3 , but the underlying data [35] did not extend to low-enough frequency to allow for founded conclusions. Also subsequent infrared reflectivity measurements by Elsässer et al. [36] could barely reach the relevant region around ω ≈ k B T down to low temperatures. In order to provide reliable data in the decisive energy range, we have investigated the electrodynamic response of κ-(BEDT-TTF) 2 Cu 2 (CN) 3 over many orders of magnitude and the complete temperature range. Most important, interferometric optical transmission measurements at THz frequencies allowed us to directly calculate the complex conductivity in the most important region. The data were supplemented by dielectric measurements in the kHz and MHz range. We found a power-law behavior σ 1 (ω) ∝ ω β up to a crossover frequency ω c above which the slope approximately doubles. β depends on temperature, starting with β ≈ 0.4 and 0.8 at T = 300 K it increases to β ≈ 0.9 and 1.3 upon cooling. Large but thin single crystals (up to 0.1×4.2×2.6 mm 3 ) of κ-(BEDT-TTF) 2 Cu 2 (CN) 3 are grown by electrochemical methods [26] . The temperature dependent dc transport and the dielectric measurements between 40 Hz and 10 MHz have been described and analyzed in detail in Ref. 37 . The optical transmission in the THz spectral range from 6 − 45 cm −1 (0.7 − 5.6 meV) was measured by a Mach-Zehnder interferometer based on backward-wave oscillators as powerful and tunable sources of coherent radiation [38] . The light was polarized along the b and c axes of the shiny crystal surface. From the independently measured transmission coefficient and phase shift the real and imaginary parts of the conductivity, σ 1 (ω) + iσ 2 (ω), were directly calculated without using Kramers-Kronig relations [39] . In order to get an overall picture of the optical properties, complementary reflectivity measurements of the same crystal were conducted using Fouriertransform infrared spectroscopy covering the range from 20 to 12 000 cm −1 , supplemented by literature values [40] . The data were analyzed the common way [36, 41] .
In Fig. 1 However, as pointed out previously [35, 36] , no clearcut Mott gap is observed in the optical spectra of the spin-liquid compound κ-(BEDT-TTF) 2 Cu 2 (CN) 3 ; on the contrary, the absorption in the range 100−1000 cm optical conductivity displayed in Fig. 2 : the far-infrared spectral weight increases significantly as the temperature drops. Note, that we do not observe a gradual filling or closing of the gap, but an increase in the exponent β of the power-law σ(ω) ∝ ω β that is discussed in more detail in the following. Our robust observation is an unambiguous signature that these low-energy excitations are of quantum and not of thermal origin, strongly supporting the idea that the spin-degrees of freedom contribute to the optical conductivity.
In the radio-frequency range, hopping conduction is identified as the dominant transport mechanism, accompanied by a broad dielectric relaxation at lower frequencies that bears typical fingerprints of relaxor ferroelectricity [37] . For low temperatures T < 50 K, we find an appreciable increase in σ 1 (ω) of the high-frequency dielectric data, which nicely matches the slope observed in the GHz and THz range. The dashed magenta lines in Fig. 1 simply interpolate the gap in our data by
with a temperature-dependent constant σ 0 and prefactor A. The exponent β of the power law is approximately 0.4 and increases to almost 1 when the temperature is reduced below T = 100 K, as summarized in Fig. 4(a) . Note, the rise in σ 1 (ω) and the corresponding power law is already observed above 300 kHz in the low-temperature dielectric data ( Fig. 1 lower panels) . Covering such an extremely broad spectral range leads to a high confidence in the power-law exponents. The most interesting observation, however, is the change of this power-law behavior found in the THz frequency range. In Fig. 3 the data are replotted on a magnified scale for some selected temperatures. At T = 100 K, for example, the slope unambiguously changes around ω c ≈ 100 cm −1 , where the exponent increases from β = 0.53 to 1.04 for E b (upper panel) and from 0.60 to 1.03 for E c (lower panel). This crossover can be identified for all temperatures and both polarizations [43] . It should be noted that the high-frequency slope is not determined by a phonon tail that obscures the data in the Herbertsmithites [34] .
The comprehensive results of the analysis are plotted in Fig. 4(a) . Below T = 100 K the power-law exponent is enhanced reaching β ≈ 0.9 and 1.36, respectively, for the lowest temperature. The difference in β between the low and high-frequency ranges basically remains the same for all temperatures. Within the uncertainty no significant anisotropy is observed [44] . The crossover frequency ω c between the two regimes shifts with temperature, as already seen from Fig. 1 . Plotting ω c for various temperatures in Fig. 4(b) , we find that ω c ≈ k B T is quantitatively observed in a large temperature range. At T = 300 K we exceed the exchange coupling J ≈ 250 K and significant deviations from the power-law behavior are expected [31] At first glance our findings agree well with the suggestion of Ng and collaborators [31, 33] that un-gapped spinons at the Fermi surface may contribute to the optical behavior of a spin liquid. They predict a strongly enhanced conductivity within the Mott gap compared to the two spin wave absorption in a Néel-ordered insulator. The significant increase in conductivity at low temperatures is a robust observation [35, 36] supports the conclusion of gapless spin excitations.
In addition, the calculations yield a power-law absorption at low frequencies, i.e. for energies smaller than the exchange coupling J. For very low energies ( ω < k B T ) the optical conductivity σ 1 (ω) ∝ ω 2 , and for ω > k B T the power law should increase to σ 1 (ω) ∝ ω 3.33 if scattering is negligible [31] . Undoubtedly, we can for the first time identify the crossover frequency ω c in exactly the right range; it furthermore obeys the predicted temperature dependence. However, our extracted power-law exponents are consistently lower by more than a factor of 2.
Here we might speculate whether this is due to the inherent inhomogeneities in the system: when localization effects dominate, the electronic system behaves like a disordered metal [31] and exhibits the corresponding frequency dependence [45, 46] . Furthermore, recent data of the anisotropic charge response at low frequencies suggest that κ-(BEDT-TTF) 2 Cu 2 (CN) 3 is not a simple Mott insulator close to the metal-insulator transition [37] ; rather it might be viewed as a disordered strongly correlated system close to the Mott-Anderson phase transition [47, 48] . Since the Herbertsmithite ZnCu 3 (OH) 6 Cl 2 also exhibits an exponent in the low-frequency power-law of only β ≈ 1.4 [34] and the importance of defects and impurities has been pointed out previously [8, 9] , this strongly indicates a fundamental issue. No doubt, further theoretical work is needed to describe the observations quantitatively.
In conclusion, we found a strong in-gap contribution to the optical conductivity in the spin-liquid compound κ-(BEDT-TTF) 2 Cu 2 (CN) 3 that exhibits a power-law behavior σ 1 (ω) ∝ ω β down to extremely low energies. Two ranges can be clearly identified with a crossover at ω c = k B T , where the exponent changes from β = 0.9 to 1.3 in the low-temperature limit, for instance. Our findings support the suggestion of a large spinon Fermi surface: the gapless spin excitations contribute to the optical absorption in the U(1) quantum spin liquid.
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